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SUMMARY SHEET

The Waimanalo Watershed Plan, prepared as a Joint effort by the
U.S. Department of Agricuiture - Soi! Conservation Service (SCs),
State of Hawall - Department of Land and Natural Resources
(DLNR), and Windward Oahu Soll and Water Conservation Distrlict,
was developed to optimlize use of the prime agricultural lands In
Waimanalo and ensure +he viabillty of diversiflied agriculfure in
+he area. The Waimanalo Watershed Plan recognized the fragile
condltion of the Maunawili Ditch System, +he major source of
Irrigation water to the Walmanalo Watershed, and thus recommended
rehabl {itation of +he exlisting system. As part of the formal
Watershed Agreement between the SCS and DLNR, t+he improvements fo
+he Maunawlll] Collection System are +he responsibliilty of DLNR.

Much of the existing Maunawi|l Ditch System has been Iin operation
for over 100 years and has performed adequately throughout most
of its history. However, with +he proposed agrlcultural
development 1n the Walmanalo area, increased demands have been
placed on the reltabi!ity and performance of the system. The
proposed improvements should make the system less vulnerable fo
breakdown and more efflclent 1n transporting high-qual ity
irrigation water. The intent of thls project Is to minimlze
losses from the existing transmission system so that t+he required
irrigatlon water flows necessary to support the Walmanalo
Watershed Plian can be attalined.

The project Is situated along the slopes of Maunawli! Valley In
+he Koolaupoko District on the island of Oahu. The Maunawlll
Dltch System lies entirely In lands owned by the Harold K. L.
Castle Trust Estate, and leased to the Kaneohe Ranch Co., Ltd.
and Hawall Sugar Planters' Assoclatlion. The slite is In
Conservation lands and 1s part of the Walmanalo Forest Reserve.

Maunawlll Valley Is primarlly drained by two perrenial streams,
+he Maunawlil and Kahanaiki Streams and t+helr numerous
+ributaries. The two streams are the major contributors of flow
Into Kawalnul Marsh, a eritical wetland and Speclal Management
Area. The Maunawili Ditch System Intercepts virtually all of the
dry-weather flows of the Ainoni, Makawao, and East Maunawlill
Streams (aj! Fributarles of Maunawlll Stream) above the 440-480
¢+. elevation., The Clark, Fault, and Korean Tunnels and the
Pikoakea Spring are the major dry-weather streamflow sources 10
+he affected streams, and Thus provide mos¥ of the dry-weather
flow diverted by the ditch +o Walmanalo.

The effects of The proposed Improvements on t+he Maunawill.
Watershed and Kawainul Marsh appear to be minimal. The increased
yleld to Walmanalo as a resul?t of the proposed improvements 1s
projected to be about 2.4 MGD durlng high demand perlods, an
increase of 0.7 MGD more than 1s presently wlthdrawn from
Maunawlll. No additional water source development Is proposed In
this project. The Increased yleid will be the result of
minimlzing losses t+hrough the ex1sting transmission system.
(Based on field measurements, [t 15 estimated that about 2.7 MGD

i
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are diverted by +he flve exlsting {ntakes. Of *thls flow,
approximately 1.0 MGD (38% of the total inflow) s lost +hrough
leakage from the existing ditch system.) Field observations
indicate that most of the water currently teaklng out of the
system never re-enters the stream, but instead Is consumed by the
lush vegetatlon along t+he ditch system and 1s lost through evapo=
transpiration. Therefore, no signiflcant effects on streamflow
are anticlpated.

Based on avallable information, no endangered species of flora or
fauna are belteved 40 inhabit the area along the project slife. No
archaeological sltes are belleved to be endangered by the
proposed project. Any sltes or artifacts which may have been
present at +he prolect area were probably destroyed during the
inittal construction of the Maunawlll Ditch System.

The proposed project Is essentlal for the implementation of the
Walmanalo Watershed Pian. It will satisfy the Watershed
Agreement requirement of providing 2 reliable source of water to
Waimanalo and to secure Federal funding of 504 matchlng funds for

‘a $12 milllon project to upgrade the Waimanalo lrrigation System.

The Improvements wlll enhance agricultural development and
productivity in Waimanalo. The result of not implementing the
Waimanalo watershed Pian Is +hat the viablllty of dlversified
agriculture In Walmanalo would decline whlle pressures o
urbanize prime and important farmlands would lIncrease.

iii
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DESCRIPTION OF THE PROJECT
A. Purpose of the Project

The maln objective of t+hls project Is to provide a
dependable, hligh-quality Irrigation water supply to support
agricultural operatlions in the Waimanalo area. The existing
Maunawili Ditch System Is old, and requlires conslderable
amount of malntenance to remain coperational. ExlIsting
wooden flumes are especlally vulnerable to vandalism,
leakage and damage and are the major causes of operatlional
problems. Sudden fallure of any one of the flumes would
result In the disruption of irrlgatlon service to the
agricultural operations In Walimanalo.

The Walmanalo Watershed Plan, prepared as a Joint effort by
+the U.S. Department of Agriculture - Soll Conservation
Service (SCS), State of Hawall - Deparitment of Land and
Natural Resources (DLNR), and Windward Oahu Soll and Water
Conservation District, was developed to optimize use of the
prime agrlcultural lands In Walmanalo and ensure the
viabliity of diversified agriculture In the area. Thirty~
four alternative plans were consldered. The recommended
plan selected for implementation will uitimately Involve a
total of 1252 acres of land (Including over 100 farm units)
40 be serviced by an Improved Irrigatlion system.
Improvements In Walmanalo wlll Include the Installation of
a plped Irrigation water distribution system provliding
contlnuous service at full supply to 890 acres. A deep, 60
milllon gallon reservolr will be used for storage,
regulatlon, and nematode control. Additional Irrigation
water will be obtalned from the Board of Water Supply
system, and from the Waimanalo Sewage Treatment Plant
(treated sewage effluent).

Under the recommended Walmanalo Watershed Plan, tThe
estimated net amount of irrigatlion water necessary to
satisfy crop requirements Is 725 mliltion gallons per year.
Of this total, 575 milllon gallons per year Is to be
supplied by the Maunawlll Ditch System. During high demand
periods, It Is estimated that a sustained flow of 2.4 MGD
Is required for optimal system operation. During low
demand perlods, little water will be needed from Maunawlli.
Through system management, and especlally wlth the added
flexibjlity provided by the proposed storage reservoir, the
Walmanalo Irrlgation system will be much more efficlent and
rellable.

The Walmanalo Watershed Plan, recognlzed the fraglle
conditlion of the major Irrigation supply to the Walmanalo
Watershed and thus recommended rehabilitatlon of the
exIsting Maunawili Ditch System. As part of the formal
Watershed Agreement between the SCS and DLNR, the
Improvements to the Maunawill Collection System are the
responsibility of DLNR. The proposed project will
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rehabilltate and upgrade the exlstlng ditch into an
efflclent, low-malntenance water collection and conveyance
system.

B. Existing System

The Maunaw!ll DItch was constructed In 1878 by the
Waimanalo Sugar Company to carry Irrigation water from
Maunawl|lil Valley to the Walmanalo area. The Walmanalo
Sugar Company remained in operatlion until 1947. The
Waimanalo Agricultural Development Company was subsequenty
formed and acqulired the water |lcenses for the Maunawli ||
Ditch System. |In 1953, the llicenses explred and the
Territory of Hawall, now the State of Hawall, had
Jurlsdliction of t+he System. Since then, the State has been
maintalning and operating the System and providing
irrigation water to the farmers In the Waimanalo Area at
low cost.

The Maunawlli Dl+ch System [s the primary source of
irrigation water for the Waimanalo Area. The system
currently dellvers an average of about 1.7 milllon gallons
per day from Maunawllil Valley +o Walmanalo thru the Anlanli
Nul Tunnel. Hlstorical records Indicate that the average
flow from Maunawlll was between 3 and 4 mllllion gallons per
day when the Walmanalo Sugar Company was In operation.

The DItch System conslists of over 16,000 ft+. of llned and
unlined ditches, tunnels, and elevated wooden flumes. (See
Figure 1=-1). The System Intercepts much of the stream and
spring or tunnel flows above +he 400 ft+. elevatlon In
Maunawill Valley. Spring or tunnel flows constltute
virtually al!l of the dry-weather flow within the dItch.

The major feeder sources Into the dltch are +he Clark,
Fault, and Korean Tunnels, Pikoakea Spring, and Maunawlill,
Atnonil and Makawao Streams.

Elevated wooden flumes act as aqueducts, carrylng water
over adverse terraln, primarily across gulites and along
+he sldes of steeper slopes.

The exlisting system utllizes a total of 21 wooden flumes.
Ten other flumes and connecting ditch system located on the
Kaneohe side of the valley were abandoned in the 1950's
when two of the major flumes were heavlly damaged and
because of thelr remote location, considered unfeaslible to
repalr. The abandoned portlion of the system formerly

col lected water from Omao Stream and Cooke Tunnel.

The wooden flumes appear to be the "weakest 1ink™ In the
exlisting Maunawl!lli Ditch System. The flumes are old and
require constant maintenance to remain functlonal. Many of
the flumes span across gullles and/or streambeds making
t+hem especially vulnerable +o stormflow damage. VYandallsm
has also been a problem. A breakdown In any one of the

2
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flumes would result In significant losses of irrigation
water. The remote locatlons of most of the flumes make
+hem inaccessible to motor vehlcles, and therefore, make It
even more difficult to conduct repair operatlons,

Materials and equipment must be hand-carrled to the site,
often over relatively treacherous terrain.

Most of the exlisting Maunawill DItch System is composed of
unlined, earth ditches. These ditches are basical ly man-
made streams whlch are hydraulical iy Inefficlent In terms
of transmitting water with minimal losses. Leakage thru
the earthen ditch walls and bottom are signiflcant,
conslidering the tota! length of unlined ditches, especlally
during dry weather perlods when ditch flow Is low and
surrounding solls are unsaturated. Theoretical leakags
losses through the unlined ditch sections are estimated to
be 120 gal lons per day per |inear foot of unlined ditch.
(Based on 4 foot wlde ditch and 2.0 inch/hr., inflltration
rate.) With the estimated 10,000 LF of unlined ditches,
Infllt+ration leakage losses could be in the order of 1.2
MGD. As part of this study, flow measurements were made
along the ditch system and showed slgnificant |eakage
losses along the transmisslion system. Losses at the time
of measurement were estimated to be about 1.0 MGD or about
384 of the total infiow diverted by the system.

The unlined ditch sections are also unstable; subject to
channe! erosion and accretlon. Accumulation of eroded
sedIments at certaln sections restrict the carrying
capaclty of the system and require perlodlic maintenance to
restore the flow rate., Leakage over eroded ditch sides
occurs and result in significant losses 1f left unchecked.

Open ditches, both lined and unl ined, present a secondary
problem for the exlisting Maunawil| Ditch System. The open
dltch sections are exposed to surface runoff which often
carry debrlis, sediments, parasltlc organlsms, and other
contaminants that degrade the quality of the frrigation
water.

Debrls entering the ditch system thru open channel sections
often accumulate and create blockages which result In
overflowing of the upstream reaches and loss of irrigation
water. Frequent removal of debris Is required to prevent
+he formation of major blockages in the ditch system.

Plant-parasitic nematodes In the Irrigation water have been
a problem for farmers serviced by +he Waimanalio Irrigation
System. The nematodes may cause extensive crop damage;
decreasing farm production. [Infestation of nematodes also
jeopardize the U.S. Department of Agriculture certificatlon
for export of plant products fo out-of-state markets. For
+his reason, many of the farmers have been forced to use
Board of Water Supply domestic quallty water o assure that
thefr Irrigation supply Is nematode~free. Studies by the

4
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Universlity of Hawall have indicated that plant=-parasitic
nematodes most probably enter the open ditch system during
periods of storm runoff. Runoff from agricultural fields
are more }lkely to contaln the particular "problem" speclies
of nematodes than runoff from forest areas.

C. Proposed Project

The exIsting Maunawll] Ditch System has been In operation
for over 100 years and has performed adequately for most of
1+s history. However, with the proposed agricultural
development In the Waimanalo area, Increased demands have
been placed on the rellablility and performance of the
system. The proposed improvements should make the system
less vulnerable to breakdown and more efficlient In
transporting high-quality irrigation water.

In +he Walmanalo Watershed Plan, the U.S. Soll Conservatlon
Service has developed the irrigation system 1o operate
based on a sustalned dry-weather flow of 2.4 MGD. The
Intent of this project Is tominimize losses from the
exis+ing transmission system so that the required
irrigatlion water flows necessary to support the Waimanalo
Watershed Plan can be attained.

The proposed projJect will | focus on the following Items
{(Iisted In order of Importance):

1. Make the System less vulnerable to sudden breakdown.

- Replacement of existing wooden flumes with more
durable structures.

2. MinImize leakage losses thru system

- Stabillze unlined ditch sections; eg. Install
Iintng, replace with plpes or other condulfts,
reinforce critical ditch banks where breakdown would
result in "spillover™.

3. Prevent the Intrusion of undesirable matter Into the
Irrlgation system; Il.e., debris, sediments, pesticides,
parasitic organisms (especlally plant=-parasitic
nematodes), and/or fertillzers.

- Provide closed system (covered ditch or plped},
especlal |y where Intruslon Is probable.

4. Reduce malntenance requlrements and make the System less
vulnerable to vandallsm.
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Based on the above priorlities and depending upon avallable

funding, the proposed project shall Include the fol lowing
(See Figure 1-2):

1.

Rep lacement of all 21 exIsting wooden flumes wlth more
durable structures; typlically Inverted siphons
constructed of reinforced concrete Inlet and outlet
structures and steel plpe conduits supported on
concrete plers, or elevated or ground level flumes
constructed of full or half section corrugated metal
pipe supported on concrete plers.

Provide channel lining In approximately 25% of the
unllined ditch lengths. Proposed lining material Is
elther half section corrugated metal plpe, or concrete
or concrete-rubble masonry.

Instal | enci{osed conduit system In unlined ditch
sectlion downslope of agricultural lands (portion
between Flume nos. 6 and 7), to prevent Intrusion of
plant parasitic nematodes, chemlical and sediment
runoff. Approximately 2000 LF of 24-inch dlameter
corrugated meta! pipe and manhole structures are
proposed. '

Instal lation of access roads for construction and
malntenance operations. Roadways shal | generally
follow existing or former unimproved tralls and
pathways.
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DESCRIPTION OF THE ENYIRONMENT
A. Locatlion

The project is located along the slopes of Maunawlll Valley
In the Koolaupoko District on the Isiand of Oahu. Most of
the project site Is IImited within the Immediate vicinity
of the 400 f+ elevation contour along the southern siopes
of the valley. See Flgure IIl-1.

B. Land Ownership

The Maunawl!l Ditch System lles entirely in lands owned by
the Harold K. L. Castle Trust Estate. The land Is
designated by tax map key numbers 4-2-10:1 and 4-2-10:4.

These large parcels are leased to the Kaneohe Ranch Co.,
Ltd. and Hawali Sugar Planters! Assocliation respectively.
Water I|s purchased by the State of Hawall from the Kaneohe
Ranch Co., Ltd. on a year-to-year basis. See Figure |1-2,

C. Topographical Characterlistics
1. Geclogy

The Maunawill Ditch System is located on remnants of
the Koolau Volcano caldera structure. Following the
Koolau Yolcanics era was a perlod of extensive erosion
and elevated sea levels, accounting for layers of
alluvlal and calcareous materlal. Renewed volcanic
activity from the more recent Honclulu Volcanics
resulted in scattered volcanic formatl!ons over alluvial
and sedimentary layers. See Figure I[=3,

2, Soll

The solls In the projJect area include soll types from
the Kaneohe, Lolekaa, and Walkane serles. See Figure
I1-4, Selected soll characterlstics are shown .in Table
[1-1. The solls to be encountered are primarily silty
clays or slilty clay loams. Permeablllty for these
solls should be moderately rapid. Soll runoff should
vary from slow-medlum for areas designated KHMC, medlum
rapld for areas designated KHME and KHMF, raplid for
areas deslignated LoE, and rapld-very rapid for solls
designated WpF. The eroslon hazard should be sllght
for areas designated KHMC, moderate-severe for areas
deslignated KHME and KHMF, and severe for areas
deslgnated LoE and WpF.



B R R b sl o saantt s 2o LT s

- rrem T A

o 3

FE e

e

e e e i i A B Rt e P AT LG WA TR S e

<)

&

-~

»

~

~.)

i

PROJECT AREA

LOCATION MAP

4 0 4 8
[ SCALE IN MILES

FIGURE 11-1




0y .’ e -
;,&.:‘.s 3

'4::;1?“,}, -;-':

w" 7 1 :

p‘t!:/

MAJOR LAND OWNERSHIP MAP
SCALE: 1"=2000'

FIGURE -2

10



- Y
e Y: .

A et

& AN

‘A(f/.‘.')".'-/’"":'._:ﬁ' -

o ‘,’f-";"' T

Lo

)

b

LEGEND:

Ry .
SeaEeliiil Talus and Alluvium

Koolau Valcanics

GEOLOGIC MAP OF PROJECT AREA
SCALE: 1"=2000" |

SQURCE:
Geology from Stearns, 1939 FIGURE

—Honoelulu Group

-3

11



o i

SOURCE:

LEGEND:

Ae = Alaeloa silty clay

AL = Alaeloa siity clay
HLM = Helemono silty clay

Hn = Hanalei silty clay

Ho = Hanalei stony silty clay

nuau non

Kaneohe silty clay loam
Lolekaa silty clay
Rock land

Rock outcrop

Stony steep land
Waikane silty clay

SOIL SURVEY MAP

SCALE:

1"=2000'

Soil Survey of the Islands of Kouagi, Oohu, Maui, Molokai, and Lanai,
Stote of Howaii, August {972,

FIGURE
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TABLE (I-1

MAUNAWIL S “DITCH
SOIL TYPES AND CHARACTERISTICS

SOIL SERIES WAIKANE LOLEKAA KAHEQHE'
Symbol WpF LoE, KHMF  KHMC KHME
USDA Classlflcatlion Siityclay ~ Sllityctley SiltyClay
: foam
Unlfled Classlfication MH MR MH
Depth from surfece
{ Inches) 0-60 © o Q-42 0-60
Depth to Badrock (ft) >3 >3 >3
Depth to High Water .
Table (#t.) - >5 >3 »5
Parmeabl 1ty {In/hr) 2.0-6.3 2.0-6.3 2.0-6.3
pH C 4540 4.0-4.5 5.1-5.5
Shrink~swell potentlial Low * ‘Moderate Moderate
Corrosivity . ‘
Uncoated steel High High High
Concrete High Modercte Moderato

SOURCE: U.S. Dept. of Agriculture,’ Sofl Consorvation Servica,
Soll Survay of Istands of Kaunl, Oabu, Maul, Molokal

August 1972,
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Land Classlification, Zoning and other Regulatory
Considerations

County

The Maunawill Ditch System Is situated In land zoned
P-1 Preservatlon, part of the Walmanalo Forest Reserve.
See Figure 11-5. The proposed Improvements would
enhance diversifled agricultural development In the
Waimanalo area and would be In conformance with several
objectives and pollcles of the General Plan. The
proposed slite Is deslgnated "Preservation® by the
proposed Development Plan.

State

The project site Is sltuated In land designated for
Conservatlon by +he State Land Use Commlission. See
Figure 11-6. A Conservatlon District Use Application
(CDUA) Is belng processed. The improvements to the
Maunawlil DItch System would enhance diversifled
agriculture In Wailmanalo, especially the Walmanalo
Agricultural Subdlivislon. The subdivision Is In direct
compllance with several pollicles and pollcy dlrectlons
detailed In the Hawall State Plan.

Hydrotogical Characterilstics
Surface Water

Maunawlli Valley Is primarlly dralned by two perrenlal
streams, the Maunawlll and Kahanaiki Streams and thelr
numerous tributarles. The two streams are the major
contributors of flow Into Kawalnui Marsh. Average
discharge Into the marsh is estimated at 5.8 MGD from
Maunawill Stream and 1.0 MG6D from Kahanalkl Stream.

The Maunawlil Dltch System Intercepis virtually all of
t+he dry-weather flows of +he Alnonl, Makawao, and East
Maunawlll Streams (all tributarlies of Maunawl |l Stream)
above +he 440-480 ft+. elevation. Other streams in the
valley are unaffected by the dl1tch system. These
Include the Palapu, Omao, West Maunawili, Olomana
S+reams (all ftributaries of Maunawl!ll Stream) and the
Kahanalkl Stream and 1+s tributarles. .

The U.S. Geologlical Survey operates three stream gagling
statlons to monltor streamflows In Maunawill Valley.
The three statlions are llsted below.

STATION NO, STREAM GAGE TYPE

16254000 Makawao Dally Flow Record

16260500 Maunawi || Peak Flow (crest gage)

16264100 Kahanaltkl Base Flow (periodic low flow)
14
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Ground Water

Ground water in Maunawlli Valley appears to be readlly
avallable as evidenced by the numerous springs and
seeps In the area. Among the major springs In the
valley are the Plkoakea, Omao, Kapakahi, Apl, and
Alnon! Springs. Thls abundance of water probably
Instigated the development of groundwater sources I'n
the early 1900's, primarlly by Waimanalo Sugar Company
and the old Maunawili Ranch., Several water
development tunnels were dug Into the Koolau dlke and
marglinal! dike zones and produced fairly substantial
amounts of high quality water. The major tunnel
sources In Maunawi|l are the Cooke, Clark, Fauit, and
Korean Tunnels. Of the major groundwater sources In
Maunawl |l Valley, the Maunawl|l Ditch System Intercepts
water from the Plkoakea Spring, and the Clark, Fault,
and Korean Tunnels. These sources provide most of the
flow dlverted by the ditch to Waimanalo.

The groundwater resources in Maunawlll Valley have
recently been studied by Takasaki and Mink (1982). I+
was concluded that the maximum dependable flow (flow
that Is equalled or exceeded 90% of the time) that Is
currently avallable under the exlstling development
scheme, whlch utl!izes the discharge of free-flowlng
tunnels and springs and the remaining low flow of
streams, Is probably between 4 and 4.5 MGD, However,.
I+ was assessed that the flow could be significantiy
increased above 4.5 MGD for perlods of high demand
(dry-weather) If water were removed (pumped) from
groundwater storage. The storage would then be
restored during low demand perlods {wet-weather).
Therefore, by optimizing management of the Maunawlll
Valley groundwater reservolrs, signiflcantly more water
could be developed for use during high demand perlods.
The effects of thls development plan on exlisting stream
and spring flows may be significant. Because of
lowered water levels, overflow may be small or absent.
Existing tunnels and springs may cease o flow during
high demand perlods.

Climatical Characterlistics
Rainfall

The mean annual ralnfall In the area is approximately
83 Inches a year.

Wind
The prevailing wind directlon is approximately 60

degrees east northeast about 80 percent of the time.
Wind data from the Kaneohe Marline Corps Alr Station

17
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indicate wind velocity at: 0-3 knots, 9 percent of the
+ime; 4-10 knots, 43 percent of the time; 11=-22 knots,
48 percent of the time, and over 22 knots, 1 percent of
+he tIme. 1 knot = 1.15 miles per hour. )

Temperature

The temperatures at the project site are mlld and
uniform, ranging from an annual average |ow of 68.3
degrees F to an annual average high of 77.2 degrees F.
The average annual temperature Is approxImately 72.8
degrees F.

Humidity

Retative humldity Is estimated to be usually In the
high 60 percent range during the day and in the high 80
percent range durlng the night. Humidity In this area
seems to be more dependent on temperature Than seasonal
varlations. '

Flora and Fauna
Flora

Based on available Information, no endangered speclies
of vegetation are believed to inhabit the area along
the project site. Initial construction of tThe
Maunawll! Dltch and Introductlion of exotic specles of
vegetation by farms In the area probabiy displaced any
native flora in the vicinity of the project.

Fauna
Based on blologlical study of the Maunawill, Alnoni and

Makawao Streams by Archer (1983) Appendix A, the
following aquatic life was found to Inhabit the waters:

SCIENTIFIC NAME COMMON NAME
Atya bisulcata mountain shrimp
Macrobrachlum lar Tahitlan prawn
Procambarus clarkll crayfish
Poecilia mexicana short fin molly
Poeclllia reticulata guppy
Xiphophorus helileri green swordtail
Melania sp pond snail

None of the aquatic |1fe found were consldered to be
endangered by Federa! or State agencles. The streams
were found to have been well exploited, modifled or
degraded years ago. The mostly Introduced specles of
fishes found often inhabit highly degraded environments
and small changes In stream flow should not inhibi*t

these species' success In the streams.
L ]
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Based on avallable data the site does not contaln any
signiflcant wild life habitats or endangered specles of
birds or mammals.

Archaeological Sites

No archaeological sltes are belleved to be endangered
by +he proposed project. Any sites or artifacts which
may have been present at the project area were probably
destroyed durlng the inltlal construction of the
Maunawl !l Ditch System.

Flood Hazards

Flooding

The Maunawlll Ditch System lIs located in area
deslignated Zone D or area of undetermined but posslible

flood hazards by the Federal Insurance Administration
(FIA) in the Flood Insurancs Study for Oahu.

Tsunaml Inundation

Tsunam! Inundation should nof occur at the project
slte.

Infrastructure and Utillties
Domestic Water System

There are no Board of Water Supply (BWS) connectlons
to the project site. Adjacent areas are serviced by
private water systems.

Electrical

Electriclty to areas adJacent +o t+he project site Is
supplied by Hawallan Electric Company (HECO) via a 12
kllovolt llne. Two overhead transmission malns, also
from HECO, cross the proJect slte. Each transmisslon
main contalns a 138 kilovolt iine and a 46 kilovolt
lIne.

Gas

There is no known gas connection +o0 the project area or
adjacent areas. Any gas service In the area Is
provided by private tanks.

Sewage

The Maunawl}i Estates Sewage Treatment Plant (STP) Is

located north (downstream) of the project site. The
STP provides secondary +reatment for residentlal areas

19
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In the upper Maunawill Valley and currently disposes
I+s treated effluent Into Maunawlii Stream. There are
no known sewer connectlions to the County System which
feeds the Maunaw!l |l Estates STP from tThe project area.

Solld Waste Disposal

Solid waste from the Maunawlll Valley area is collected
by the Refuse Collection and Disposal Division of the
Clity and County of Honolulu and disposed at the Kapaa
Sanitary Landfili. There Is presently no County
service to the project area., Areas ad Jacent to the

project are serviced privately.
Public Facllitlies and Services

Police Protection

The project area Is serviced by the Kailua Pollce
Substatlon. Response time to the projJect site Is *10-

15 minutes.
Ftre Protectlion

The project area is serviced by the Kallua Fire
Statlon. Response time fo the lower sections of the
project Is x10-15 minutes. Upper sectlions of the
project are Inaccesslble by conventlonal fire fighting

equipment.
Educational Services

The Maunawill Valley area is served by three public
schools. These Include Maunawili Elementary, Kallua
intermediate, and Kallua High School.

Access

Maunawili Road Is the lone public access to the

project site. The County mass transit system serviclng
+he Maunawili area is the No. 70 route, Maunawi | |
Shuttle bus. Other access roads near the project are
maintained by the private land owners.

20



ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATIVE MEASURES

A.

Short Term Impacts and Mitigative Measures.

(Activities related and |imited to the duration of the
construction perlod.)

L

Economlc

During the Implementation of Improvements fo the
Maunawl |1 Ditch System there will be an expendliture of
funds by the State Department of Land and Natural
Resources (DLNR) to cover construction costs.

Air Quallty

During constructlion, Increased dust and vehlcular
equipment exhaust emisslons can be anticipated. The
dust generated should not occur at slignlficant levels
since the majority of solil types to be encountered
should not be subJect to excessive wind erosion. If
dust is a signlificant problem 1t will be mitigated by
the use of approprlate water sprinkling methods.
Exhaust emissions from vehlcular equipment should not
signlflicantly affect the area. Prevalling winds should
be able to dlsperse any exhaust gas concentrations,
The nearest resltdential area 1s over 2,000 feet from
the project area and therefore, Impacts should be
insignificant.

Water Quality

Some soll runoff can be expected In areas requirlng
excavation work for Irrigattion structure foundatlons,
The effect on stream water quality should be minimal
due to the relatlively small amount of soll runoff
reaching the streams in reference to soll runoff during
heavy rains. As stated earl|ler the aquatic [Ife found
in the streams often Inhabit highly degraded
environments; therefore, little biclogical change Is
anticipated. See Appendix A. Strict adherence to
eroslon control procedures and the preventlion of
hydrocarbon loss Into the streams shouid also minimize
effect on stream water quality. No signficant effect
on groundwater [s antlicipated.

Erosion

Eroslon will occur at areas where clearing Is required
for construction equipment access. Flora in the
vicinity of the cleared area willl be able to return
upon completion of the project thereby reducing future
eroslon. ExlIsting access roads and pathways will be
used whenever practicable. Erosion will also occur at
some Irrigation structure foundations where excavation

- 21



work is required. Erosion effects will be minimized by
uslng approprlate methods of eroslon control.

Trafflc

An increase (n trafflc from construction workers can be
anticipated. Due to +he remote location of the project
slte and the small Increase In vehlcles no major change
in traffic in the Maunawill area is antlcipated.

Noise

Increased noise due To construction can be anticipated.
Nolse Impacts generated by construction can be
minimized by adjusting working hours, usling approprlate
machinery and advlising workers.

Biology

No vegetation or fauna known to exist at the project
site are considered +hreatened or endangered Dy State
or Federa! agencies. Fol lowing constructlion the fiora
and fauna displaced by constructlion would be able to
return to the affected areas.

A blological survey of the affected stream was
performed by Archer (1983), and is lIncluded In Appendix
A. Based on fleld observations and analyses, no
signiflicant impacts on +he aquatic environment are
anticipated.

Archaeology

No known archaeological sltes are located near the
project site. Any sites or artifacts which may have
been present were probab ly destroyed during the initial
constructlion of the Maunawlli DIfch and by farms and
plantations formerly In the area. However, 1f any
ctone walls or other kinds of archaeological sites are
discovered during construction, the State Historic
Preservation Officer shall be nhotified and work in the
area shall cease until the s1te has been studled and
appropriate measures are imp lemented.

The Walmanalo lrrigatlon System, which Includes the
Maunaw! |1 Diftch System, was determined to be ellgible
for inclusion in the National Reglister of Historlic
Places. However, since data In the form of
photographs, maps, and narrative have been col lected
and are on flle with the State Historic Preservation
Officer, [T was determined that the data on file will
negate any adverse effects resuiting from the
undertaking of the project.
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8. Long Term Impacts and MItigatlve Measures

{ Impacts resulting from the Implementation and operation of
+he Maunawlll DIitch System)

1.

Economlc

The proposed project would reduce maintenance
requlirements for the Maunawili Difch System and provlide
a more rellable Irrigation water source for the
Waimanalo area. The Improvements should enhance the
Walmanalo Agricultural Park Plan which would Increase
Jobs In diverslified agriculture, purchases of
agricultural supplles, revenues to the State from the
long-term leasling of the land and taxes on the sale of
supplies and produce, and revenue +o the County from
increased property taxes on agricultural lots.
Reducing the amount of water loss due to seepage and
spillage will allow an Increase In water avallable fo
farmers and increase revenues by selllng more water to
farmers.

The proposed project is essential for the
Implementation of +he Walmanalo Watershed Plan. 1t
wiil satisfy the Watershed Agreemen*-requlremenf

of providing a rellable source of water fo Walmanalo
and to secure Federal fundlng of 50% matching funds for
a $12 miltlon project to upgrade the Walmanalo
Irrigation System.

Air Quallty

Amblent alr quallty should not be slignificantly
affected by the project.

Hydrology and Water Quallty

The effects of the proposed Improvements on the
hydrology of the Maunawl i Watershed and Kawalnul Marsh
appear to be minimal. (See AppendIx B - HYDROLOGIC
IMPACTS.) The Increased yleld to Walmanalo as 2 result
of the proposed fmprovements Is proJected to be about
2.4 MGD during high demand perlods, an lIncrease of
between 0.4 and 0.7 MGD more +han is presently
withdrawn from Maunawlill. No additional water source
development Is proposed In this projJect. The Increased
yleld wiil be the result of minimizing losses through
+he exlisting transmission system. (Based on fleld
measurements, [t [s estimated +hat about 2.7 MGD are
dlverted by the flve exlisting Intakes. Of this flow,
approximately 1.0 MGD (384 of the total inflow) Is lost
t+hrough leakage from +he existing ditch system.) Fleld
observations Indlicate that most of the water currently
leaking out of the system never re-enters the stream,
but instead ls consumed by t+he lush vegetation along

23



+he dlfch system and is lost through evapo=
t+ranspiration. Therefore, no signlficant effects on
streamflow are antlclpated. Actual Impacts on
streamflow will be determined through analysls of
streamf | ow records from the three existing U.5.6.5.
stream gaglng stations after compleftion of +he project.

Historicatl records indicate +hat much more water was
extracted from The Maunaw! | [-Kawainul Watershed In the
past when +he Walmanalo Sugar Company was In operatlion.
(1880's thru 1940's). In addltion to the 3 +o0 4 MGD
dlverted by the Maunawill DItch System, up to 8 MGD was
pumped directly out of Kawainul Swamp. Typlical dry-
weather 1rrigation flows to Walmanalo were between 8
and 10 MGD. The proposed improvements shall result in
$1ows substantially less than were taken in the past
when +he plantation was in exlstence.

14 some reduction in streamflow Is experlenced as 2
result of the proJect, dilution of sewageé effluent
presently dlscharged Info Maunawl |l Stream may be
affected. However, +he Cit+y and County of Honolulu has
made a commltment t+o discontinue effluent disharge Into
the stream in the future, and thereby Improving the
stream water qual 1ty discharglng Into Kawalnul Marsh.

Eroslen

The proposed Maunawi i Dltch system improvements should
reduce eroslon resulting from seepage and splllage from
the exlsting transmisslon sys¥em. No other signlflicant
effects on erosion are antlcipated.

Neolse

No slignificant change In nolse is anticipated.
Blology

The project area s not considered +o be a senslitlive
wildilfe habltat area and Is not known 40 contalin any
endangered specles of plants or animals. Displaced
flora and fauna would be able 1o return followlng
construction. Long-term adverse Impacts are not
antlcipated from the proposed Improvements.

Based on a blologlcal survey performed by Archer (1983)
(AppendlIx A), no significant long=-term impacts are
anticipated for the stream environment.

Archaeology

The project area does not contaln any known

archaeological sites. Initlal construction of the
Maunawill Ditch has probably destroyed any possibie
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sites or artlfacts. Adverss Impacts are not
anticipated from the proposed Improvements. However,
should any evidence of archaeologic sites be discovered
during construction, work in the area shal | cease unti|
the State Historlc Preservation Officer Is consul ted
and appropriate measures are Imp lemented.

Utlli+ties

Jrrigation. Much of the exlsting Maunaw! (] DI+ch
System Is well over 50 years old and requires

considerable amount of maintenance to remaln
operational. Existing wooden flumes are especlally
vuinerable to damage and are the major causes of
operational problems., The proposed Improvements to the
Ditch System shou!d reduce maintenance requlired for the
Ditch and provide a more reliable source of water for
the Waimanalo area. Rep lacement of existing open
ditches at seiected locations with covered ditches or
plpes should Improve the irrigation water qual ity by
decreasing the Intrusion of undeslireable matter into
the Irrigation system, 1.,e., debrls, sediments,
pesticldes, fertilizers, parasitic nematodes, etc. The
improvements should also decrease losses due to seepage
and spl|lage from the transmission system thereby
increasing the water avallable +o the Walmanalo area.

Elre Protection Water Flow. Fire service to +the
Maunawi il Valley area should not be affected.
Improvements in relTability of the Maunawl !l Di+ch
System should Improve fire protection in the Waimanalo
area.

l. No significant effects on
lTquid waste disposal are anticlipated.

Sollid Waste Disposal. No significant effects on solid
waste dlsposal are anticlipated.

Potable Water. No significant effects on potable water
service In the Maunawl!i area are antlicipated.

- No signlificant effect on drainage in
Maunawi |l Valley is anticipated.

Gas, Electric_and Telephone. No siginflcant effect on
these utilitles in Maunawili Valley Is anticipated.

25
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. No significant effects on trafflc
+he Maunawlll Area is anticipated. Access to the
project sife should not be significantly affected.
Existing access will be used whenever possible or
practicable to reduce effects on the environment.

Social Impacts

No significant effects on the ad jacent communlities
are expected.

26
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1v. ALTERNATIVES TO THE PROPOSED ACTION

A.

No Project

A "do-nothing" approach wil! Jeopardlize the Waimanalo
Watershed Pi{an and the viablII+y of diversifled
agriculture In Walamanlo. A FWO (Future wlthout
project) was developed by SCS planning staff for
Walmanalo Watershed and addressed the effects of not
Implementing the Waimanalo Watershed Plan. Basically
+he result of the FWO alternative Is that the proposed
Walmanalo Agricultural Park Plan could not be
implemented and the viability of diversifled
agriculture in Walmanalo would decline while pressures
+o urbanize prime and important farmlands would
increase. The Improvements to the Maunaw! |l Ditch
System (Maunawl|l-side of Aniani Nul Tunnel) are the
responsibillty of the State of Hawall (as stated In the
Watershed Agreement) and are essentlal for the

imp |ementation of the Watershed Plan. Fallure to
fulfll ] the requirements of the Watershed Agreement

may Jeopardize the Federal funding (50% matching funds)
of a $12 m!llion dol lar project to upgrade the
Walmanalo Irrigation System.

Develiop Additlonal Sources

‘The development of addItional groundwater sources I[n

Maunawl !l Val ley has been studled by Takasaki and MInk
(1982). I+ was concluded that the maximum dependable
flow that Is currently avallable under the existing
deve lopment scheme, which utllizes the dlscharge of
free-f lowing tunnels and the remaining low flow of
streams, s probably between 4 and 4.5 MGD. However,
1+ was assessed that the flow coutd be significantly
Increased for perlods of high demand (dry-weather) If
water were removed (pumped) from groundwater storage.
The storage would then be restored during low demand
periods (wet-weather). Therefore, by optimlizing
management of the Maunawl |l Valley groundwater
reservoirs, signiflcant amounts of water could be
deve loped for use during high demand periods.

Development of these additional sources for the
proposed proJect is not necessary at this time,
Existing sources appear to be adequate If transmission
losses from the existing system can be minimized, or
possibly ellminated altogether. Should additional
water be required In the future or If ftransmlission
losses cannot be sufficiently reduced, development of
+he addltional sources may be necessary. The
additional water Is available, but the impacts of such
deve lopment must be further studled.
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Vi.

JRREVERSIBLE AND [RRETRIEYABLE COMMITMENY OF RESOURCES

Labor, construct+lon bullding matertals and fue] will be
committed to the project.

LIST QF APPROYALS

The followling Is é general list of approvals which may be
needed to construct the proposed project:

APPROVAL APPROY NG _AGENCY

Conservation District Use Permi+t Department of Land and
Natural Resources

28
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LIST OF AGENCIES, ORGANIZATIONS, AND
(E1S PREPARATION NOTICE SENT

CITY & COUNTY OF HONOLULU:

Board of Water Supply

Department of General Planning
Department of Land Utlliization
Department of Parks and Recreatlon
Department of Public Works

Department of Transportation Services

STATE OF HAWAII:

Department of Agriculture

Department of Education

Department of Health

Department of Planning & Economic
Development

Department of Transportation

Office of Environmental Quallty
Control

U.H. Environmental Center

U.H. Water Resources Research Center

FEDERAL AGENCIES:

U.S. Army Corps of Engineers
U.S. Fish and Wildllfe Service
U.S. Geologicai Survey

U.S5. Soil Conservation Service

ORGANIZATIONS:

American Lung Assocliation of Hawall

Congress for Hawallian Peoples

East County Waimanalo Center

Harold Castlie Estate

Hawail Assoctiatlion of Nurserymen

Hawali Audubon Society

Hawali Banana Growers Assoclation

Hawali Farm Bureau Federation

Hawailan Sugar Planters' Assoclation

Hui Malama Alna 0O' Koolau

Joint Planning Comm!t+tee of the Walmanalo
Counci! of Community Organizations and
the Waimanalo Nelghborhood Board

Kailua Neighborhood Board
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ORGANIZATIONS (Continued) :

Kaneohe Ranch
Kawalnu! Herltage Foundatlon
Lanl-Kallua Outdoor Circle
Life of the Land
Maunawlll Farmers and Nurserymen's
Assocliatlon
Maunawlll Valley Communlty Associatlon
Oahu Banana Growers Associatlon
Pac!fic Banana Growers Cooperatlve
The Slerra Club, Hawali Chapter
Waimanalo Neighborhocod Board No. 32
Windward Soli & Water
Conservation District
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CITY & COUNTY OF HONOLULU:

Board of Water Supply

Department of Land Uttlization

STATE OF HAWAIll:

Department of Agriculfure

Office of Environmental Quality Control
U.H. Environmental Center

U.H., Water Resources Research Center

FEDERAL AGENCIES:
U.S. Fish and Wildiife Service

ORGANIZATIONS:
Hawaiian Electric Company Inc.

Life of the Land
Sierra Club, Hawal'i Chapter

59a

The foliowing comments werea racaivad nrior
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Response
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4/18/84
4/23/84

3/259/84
4/ 5/84
4/23/84
4/11/34

3/29/84

5/ 2/84
4/19/84
4/23/84
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Ths fol lowing parfins rasannda’ fo satizitatieons for

conments an tho SIS suunidted for reviaew,

substantivae reasarks,

CITY & COUNTY OF HOMOLULU

Building Department
Department of General Planning
Department of Public Works

Department of Transportation Services

Fire Oepartment
Pollce Department

STATE OF HAWAII

Department of Accounting and General

Department of Education
Department of Health

Department of Planning and Economic Development

Department of Transportation

Sarvices

Office of Environmental Qualit+y Control

FEDERAL AGENCIES:

ETE S I )

not

Department of Agriculture Soil Conservatlon Service

Department of +the Alr Force
Department of +he Army

U.S. Department of the Interior Geological Survey
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Response
Receivad

3/27/84
4/19/84
3/29/34
4/10/84
4/19/84
4/ 2/84

4/17/34
3/29/64
4/ 4/84
4/17/84
4/ 2/84
4/ 2/84

4/23/84
4/ 6/84
4/23/84
4/20/84
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APPENDIX A

Biological Survey of Maunawili, Ainoni and Makawao Streams
Windward QOahu

Prepared for Fukunaga and Associates, Inc.

Prepared by Kelly M, Archer
Aquatic Biologist
December 1983



INTRODUCTION

During the month of December, 1983, a biological survey was
completed of Maunawili Stream and two of its' tributaries, Ainoni and
Makawao Streams. These streams are 3 of the 7 perennial streams to be
found in Maunawili Valley, Oahu (Timbol and Maciolek 1978).

Ultimately, all the streams within the watershed drain into Kawainui

Swamp.

The purpose of this survey was to document the conspicuous stream
fauna upstream and downstream of the existing Maunawili Irrigation
Ditch, and to comment on the possible effeet on stream biota of the
proposed ditch improvement project. The irrigation system draws water
from the streams and transports it to agricultural land in Waimanalo,
the adjacent watershed to the east. The 5 existing ditch intakes are
loecated on 2 branches of Maunawili Stream, as well as on Anioni and
Makawao Streams, The fifth intake captures water from Fault tunnel,
which does not directly feed into any of the streams in the watershed.
During dry weather all of the stream flow at 122 m elevation is
intercepted. The proposed improvements would not alter the existing
intake system, but would focus on eliminating wastage of irrigation

water through leaking flumes and seepage from earthen ditches.
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METHODS

Study Sites

A total of 13 sampling stations were chosen to provide a
comprehensive survey of the three streams. A 40 m station,
representative of the given stream reach, was marked and sampling begun

at the downstream boundary. Figure 1 shows the locations of the

'stations and a brief Physical description of each station can be found

in Table 1.

Two previous studies of the. biological characteristics of the
Maunawili Stream system have been ﬁade. Ford (1975) sampled stations
from Kawainui Swamp to a site below the ditch intake on Makawao Stream.
Timbol and Maciolek (1978) report collections made at the point where

Makawao, Ainoni and Maunawili Streams Jjoin,

Sampling

Visual sampling was employed during this survey. This method
involves careful, thorough examination of the entire 40 m station from

alongside and within the stream. Visuval sampling is an effective
method for sampling small, shallow, pool studded stream reaches. The
total number of individuals of each species seen within the station

boundaries were recorded and included in the results for that station.

A-3
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RESULTS

Table 2 ia a list of the conspicucus aquatic fauna found in the 3
streams during this survey. Table 3 shows the organisms found and
their relative abundances at each station. The figures are a result of

an average sampling time of 1 hour per 40 m station.

Only two native species, the mountain shrimp Atya bisulecata and

the mollusc Melania sp., were collected while the introduced species

included 2 crustaceans and 3 fishes,

DISCUSSION

Maunawili, Ainoni and Makawac are highly modified streams whose
biological complement is largely that of introduced species. The
modifications which drastically lower the mid-reach stream flow have
existed for over a century. How the construction of the irrigation
system speclifically altered these streams biologically is speculative;

pre- and early bost-construction data on in-stream fauna is apparently

unavailable.

The study streams have been, and still are, completely dewatered
during low flow at the 122 m elevation. Small flow then occurs due

mainly to groundwater seepage, leaving a slow, pool-studded stream
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reach. The decreased flow causes deposition of suspended solids
leaving the substrate coated with a thick layer of silt. These stream
characteristics are not suitable for many of the native fauna and large
populations of introduced species, in particular Poecilids and
crayfish, thrive. Flow increases downstream of the ditech intakes,
however; conditions do not improve noticeably, as thick silt layers and
frequent pooling are still the norm. This survey was completed during
a period of dry weather when flow was totally dependent on spring and
tunnel perched dikewater. Although some flushing of the silt layer
would naturally ocecur during inereased flow within the watershed, much
of the silting and slow flow is due to the low longitudinal gradient of
the Maunawili Stream system (45 m/ km, Timbol and Maciolek 1978).

Noticeably absent from the stream fauna were the native gobioid
fishes. Ford (1975) proposed that Kawainui Swamp appears to be a

significant barrier to migrations of diadromous species. Although two

diadromous species, Atya bisulcata and Macrobrachium lar, were found

during this survey, population levels were relatively small.

The results of this survey agree with that of both Ford (1975) and
Timbol and Maciolek (1978). There is a distinet lack of native fauna
within the middle to upper reaches of the Stream system, The
concentration of this survey was on the upstream area and, consequently
two animals (A. bisulcata and M. lar) previously unreported, were found
to exist in small populations. The second major difference between

past studies and this survey is the collection of smallmouth bass



(Micropturus dolomieui), Chinese catfish (Clarias fuscus) and tilapia

{Sarotherodon sp.) during both previous studies. (Clarias fuscus is one

species which could avoid detection during visual sampling and could
very well have been present at station 6 or 13, in particular.
However; the 3 speclies were previously collected at stations downstream
~of those monitored during this survey. The overall agreement of this
survey with previous work done in the watershed indicates .little, if

any, change during the last 5 to 8 years.

In comparing the Maunawili Stream system with other windward, Oahu
streams, Maunawili exhibits faunal characteristies which would place it
in the lower third in biological quality of the 30 or so perennial
streams from Waimanalo to Kahuku (Archer in progress). Low flow,
substantial silt deposits, large populations of the predaceous crayfish
and other exotics, channelized portions of the stream bed, and only one
endemic stream species all support this ranking. Timbel and Maciolek
(1978) list Maunawili Stream as being of Ecological Quality Status II,
"limited consumptive. Moderate to high quality water or natural values:
controlled use to prevent excessive modification". (For a thorough
treatment of the status-use categories see Hawaii Dept. of Health
1977.) In my opinion, this ranking is too high. The streams in
question were "well exploited, modified or degraded" (Status I1I) years

ago, with additional modifications since.
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POSSIBLE EFFECTS OF PROPOSED PROJECT

Currently the Maunawili ditch is a relatively inefficient system
of water transport. Estimates of water loss exceed 1 mgd (Fukunaga and
Assoe., Inc. 1983). Apparently this loss occurs primarily through
seepage from the earthen ditches which make up much of the irrigation
system. The proposed, more efficient irrigation system would eliminate

substantially, the leaks and seepages now oceuring.

Only small ambunts of "lost" water appear to reenter the streams.
Most, apparently, promotes thick vegetation near the point of loss.
The possibility that improvements in the ditch will substantially
lessen flow in the streams within the watershed seems remote, but this

matter needs the attention of a professional hydrologist.

Even in the event of further reduction in stream flow, there would
be little biological change in the 3 streams in question. The
established introduced species are highly tolerant of poor water
quality (Hathaway 1979). Often they are found in highly degraded
environments (Norton 1978). Reduced flow and shallow pools would not
inhibit these species' success in the streams. Of course, it will be
important to insure strict adherence to erosion control procedures and
the prevention of hydrocarbon loss into the streams during

construetion. This will maintain the current level of water quality in

the streams.
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Finally; if indeed lower stream flow would be a result of
improvements to the irrigation ditch system, the effect on Kawainui
Swamp, the ultimate receiving body for stream flow, would need to be
evaluated. Furthering the already man-accelerated, natural process of

eutrophication within the swamp environment should be avoided.
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Table 1. Physical characteristics of the 13 stations monitored during this
survey.

Stream b
Station ¢ Elevation Width  Depth Substrate® Comments
1 146 m 1-1.5 m 0.1-0.2 m cobble/gravel heavy canopy, low
silt, slow flow
2 146 1 0.1-0.4 cobble/silt open canopy.,
strong, silty flow
3 140 1-2 0.1-0.5 boulder/cobble high canopy, small
silt deep pools
4 153 <l <0.1-0.2 cobble/silt heavy canopy of hau
thickets
5 140 1-3 <0.1-0.5 silt on bed- series of large
rock pools
6 85 1-2.5 0.1-0.6 cobble/silt/ canopy ranged from
sand open to heavy
7 153 1-1.5 <0.1 cobble/silt very heavy hau
' canopy
8 140 <1l-2 <0.1-0.4 cobble/silt/ high, thin canopy
boulder
9 109 1-3 0.1-0.4 c?bble/boulder open canopy
silt
10 134 1-1.5 <0.1-0.3 cobble/silt/ heavy canopy, pool-
boulder riffle
11 128 <1 <0.1 cobble/gravel/ heavy canopy, low
silt ) £low
12 116 <l <0.1 cobble/silt  no flow above flume
§ 18, minor below
13 43 1-3 0.1-0.3 cobble/boulder substantial flow,
silt high, thin canopy
a
Wentworth particle scale where:
boulder = 250-1000 mm
cobble = 64-250 mm
gravel = 2~-64 mm
sand = 1-2 mm
silt = <1 mm
b

Canopy refers to vegetation which blocks solar insolation. Adjectives
used:

high - upper story growth, tree branches and leaves, which
generally allow some insolation.

heavy - very thick vegetation which does not allow light to
penetrate to much of an extent.

open - little vegetation, canopy allows large amounts of light
reach the stream itself.

A=11
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Table 2. Stream fauna found to inhabit Maunawili, Ainoni and Makawao
Streams during this survey.

SCIENTIFIC NAME COMMON NAME STATUS?
Crustaceans
Atya bisulecata . mountain shrimp, opai endemicb
Macro&éachium lar Tahitian prawn introducedb
Procambarus clarkii crayfish introduced
Fishes
Poecilia mexicana shortfin molly introduced
Poecilia reticulata ' guppy introduced
Xiphophorus helleri green swordtail introduced
Molluses
Melania sp. pond snail indigenous
a

andemic-occurs naturally in Hawaii only.
indigenous-occurs naturally in Hawaii and also elsewhere.

introduced-purposefully or accidentally introduced to the streams,
not native.

b

Both the introduced prawn, M. lar, and the endemic shrimp, A.

———p—

bisulecata, are known to be diadromous, meaning they must travel between

the sea and stream habitats as part of their life cycle. The atyid
shrimp can possibly complete it's life cycle in the stream itself,



Table 3. Abundance of each srecies found at each of the 13 sampling stations durind this surves.

B Station #
'_; SPECIES 1 2 3 4 3 & 2 g 2 10 11 12 13
" Crustaceans
+ ptua bisuleata 0 0 +#+ 0 0 0 0 H00 0 0
_ Hacreohracbius lar + 0 0 + ++ 0 + + 0 + 0 Y 0
Brocasharus clackii 0 ++ ++ 0 ++++ 444+ ++ + ++ 0 ++ ++ +++
~ Fishes
' Poecilia mexicana +++ + ++ ++ ++4+ ++++ +++ ¢+ +++ ++ +++ + +++
. Eoecilia reticulata +++ +E ++ ++ +++ 44 44 ++ +++ ++ +++ +++ 444
Yieboeborus belleri ++ 0 0 ] 0 ++ + + + 0 ++ + +4
Molluscs
-j Melapnia sr. 0 Q 0 0 0 ++ 0 0 ++++ + ++ 4] +1+44
—  Abundances} 0 = absent
s + = rare (1 to 3 per station)
++ = common (4 to 10 rer station)
B $#+ = abundant (11-24 per station)
= yery zbundant (25 and above rer station)

- 4
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APPENDIX B

HYDROLOGIC IMPACTS -~ KAWAINU[ MARSH

A.

LRI

GENERAL

Concern has been expressed that the proposed projJect would
divert a significant amount of water from Kawalnui Marsh--
water that may be essentlal to malntaln the viabillity of the
marsh, especlally to preserve and enhance the marsh as a
wildlTfe habitat. The significance of anticlpated
hydrologlc impacts can be effectively visvalized by the
devetopment of generalized water budgets for the project
study area under exIsting and proposed condIltions.

HATER BUDGET

A water budget analyslis was conducted to estimate the effect
of the proposed Improvements on the amount of water flowlng
into the marsh. A water budget is a model of the hydrologic
elements of a given study area or watershed. The water
budget can become extremely compiex depending upon the number
of hydrologic parameters consldered. However, the model must
usually be simplified (as In the case of this study) due to
{imited available data. The primary elements of a water
budget are inflow, outflow and storage. (See Flgure B-1).

Study Area

The area of study Is the Maunawili Valley watershed, which
Includes the drainage areas of the Maunawili and Kahanalki
Streams as they enter the Kawalnul Marsh at Kalanlanaole Hwy.
(shown in Figure B-2). The study area contalns 4410 acres.

lnflow

For this study, rainfail is considered to be the only Infiow
Into the study area. Mean annual rainfall data were used to
estimate t+he total annual ralnfall volume collected by the
watershed and then converted Into equivalent dally flow.
Mean annual rainfall for the study area is about 80 Inches
per year.

Quttlows

1. Streamflow - Streamflow estimates were obtained from
previous studies done by the U. S. Geological Survey
(Takasakti, et. al., 1969).

2. Ditchflow - The Maunawili Ditch Flow quantities were
obtained from past records (U.S.G.S. and Walimanalo
Ptantation). Projected ditch flows were estimated for
the proposed improvements.

3. Evapo-transpliration losses - Water loss Into the

B-1
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atmosphere from land areas through evapo-transpiration
(evaporation & transpliration through plants and {and
surfaces) Is dependent upon numerous varlables and
extremely difficuit to estimate. However, it Is
generally agreed that pan evaporation measurements are
indlcative of the upper limit of evapo-transpiration
losses for a given location., Typical estimates of annual
losses from open reservolrs s 77% of the annual pan
evaporation losses (ASCE 1949). Pan evaporation and
reservoir evaporation rates are the result of unlimited
avallability of water, a condiftlion not necessarlly the
case for land areas. Availability of water to plants and
soll is the primary !imiting factor affecting evapo-
transpiration losses from land areas. annual pan
evaporation for the study area is 44 Tnches per year.

For this study, evapo-transpliration losses from the
watershed are assumed to be 75% of the annual pan
evaporation, or 33 Inches per year.

Groundwater flow and storage

The balance of water remaining In the study area Is assumed
+o leave the watershed as groundwater flow or remain In
storage within the watershed. 1f long term storage Is
consldered to be constant (since no signiflcant withdrawals
are made from the aquifliers and the falrly uniform, free-
fiowing springs and tunnels indicate overflow from full
groundwater reservolirs), all of the excess water may be
assumed fo leave the watershed as groundwater flow.



GENERALIZED WATER BUDGET

EXISTING CONDITION

Total Area = 4410 acres

Average Annual Ralnfall = 80 In.
Average Annual Rainfall Volume = 29,400 acre-ft. = 9579 MG
Equivalent Average Daily Flow = 26.2 MGD (100%)

Average Annual Pan Evaporatlon = 44 |[n.
Est. Evapo-Transpiration Loss = 33 |[n.
Eq. Ave. Dally Flow = 10.8 MGD (41%)

Average Streamflow out of study area Into Kawalnul Marsh
Maunawll]l Stream 5.8 MGD
Kahanalki Stream
Total

1.0 _MGD
6.8 MGD (z26%)

Average Maunawl ||
Ditchflow

1.7 MGD (6%)

Est. Groundwater
flow and/or
storage

it

6.9 MGD (27%)

PROPOSED CONDITION

Ralnfall Eq. Dally Flow = 26.2 MGD (100%)
Projected DItch Flow = 2.4 MGD (9%)

(Ave. Annual)
Est. Evapo-transpliration

Eq. Dally F[ow = 10.4 MGD (39%)
Est. Total Streamflow

Inte Kawainul Marsh = 6,7 MGD (26%)
Est. Groundwater Flow

and/or Storage = 6.7 MGD (26%)

INCREASED YIELD FROM MAUNAWIL| DITCH = +0.7 MGD
This amounts to 3% of the total water budget for the
watershed.



c.

DISCUSSION

The preceeding water budget models are based on several
assumptlons, and thus, speclfic values are subjJect to debate.
However, the models do show +he relative Impact of the
project on the overall water budget for fthe watershed. The
additional removal of 0.7 MGD from the watershed fo Walmanalo
appears to be Insignificant, accounting tor only 3% of the
+otal water budget.

Minimal Improvements are proposed at the flve major Intakes
of the system. These Infakes presently divert virtually all
of the low stream flow origlinating from spring and tunnel
flows above elevation 400 $+. MSL Into the dltch system, and
have done so since the original Inception of the system In
the early 1900t's. (The average undisturbed streamflow ¥o the
Marsh |s about three to four +imes the dlverted flow.) Wet-
weather (storm) flows wlll contlinue to be negligibly affected
by the dlverslons at the system intakes. {1+ should be noted
+hat wet-weather flows have a greater Impact on water levels
within Kawalnui Marsh, as discussed later.}

Based on fleld observations and measurements, It Is
predicated that, by minimizing or possibly eliminating
leakage losses from +he exlsting transmisslon system, the
required Irrigatlon water flows necessary to support the
Waimanalo Watershed Plan can be attalned. (The U.S. Soll
Conservatlon Service has developed the irrigation system
based on a sustalned dry-weather flow of 2.4 MGD. The total
dry-weather Inflow measured at the exlsting Intakes Is about
2.7 mgd. The measured average yleld To Waimanalo Is 1.7 mgd,
indicating a loss of about 1.0 mgd through the Maunawl ||
transmission system.)

The Impact of the proposed improvements on the Kawalnul Marsh
is of great concern. The Marsh Is of great ecologlical and
cultural signiflcance as documented in the "Resource
Management Plan for Kawalnul Marsh® (DPED 1983). 0f speclflc
concern Is that the proposed Improvements shall cause the
Marsh to "dry-out". However, based on the above discussion,
field observations, and consultation with water authorities,
the proposed project wii! probably have negligible impact of
the hydrology of the Marsh. VYery little, 1f any, of the
existling water leaking from +he ditch system appears to re-
enter the stream system. Instead, most of the {ost water
seems to support the lush vegetation In the areas ad]acent to
the ditch, and Is eventually lost to the atmosphere via
evapo-transpiratlion.

Water levels within the Marsh are dependent primarily on
topographical conditlons, 1.e., flat land slopes, depressions
or sumps, and dralnage capacitles of watercourses within the
Marsh system. Dralnage improvements tnstalled In the 1960's
by the U.S5. Army Corps of Englneers reduced the flood hazards
which had previously plagued the Kallua area. The Oneawa
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drainage outlet channel from Kawalnul Marsh was desligned to
carry 7350 cfs, or about 4750 mgd. This had the effect of
removing the constricted outlet which had caused higher water
tevels within the Marsh and flooding of the Coconut Grove
Subdivision In Kallua. I+ would be safe to say that the
typical base flow out of Kawainuli Marsh (probably less than
10 mgd) would easlly pass unnotlced out of the channel.
Storm flows In excess of the carrying capaclty of water
courses through the Marsh cause the backup of water wlithin
+he Marsh, elevated water levels and ponding, thus
malntaining the wetland environment,.

OTHER CONSIDERATIONS

Diversion of water from the Maunawl[I1-Kawainul Watershed has
persisted since the 1880's. Water appeared to be readily
avallable as evidenced by numercus springs and seeps In the
area. Recent studies (Takasakl and Mink 1982) Indicate that
additlonal groundwater sources can still be developed within
+he watershed. The Maunawili Ditch Improvements will not
involve addlitlonal source development, but instead, minimize
losses from the exIsting transmission system parts of which
are well over 50 years old. The proposed yleld from
Maunawill Is about 2.4 MG6D during high demand perlods,
approximately 0.4 MGD more than Is presently diverted during
summer months. (Existing average difch flow during the
months of April thru October Is 2.0 MGD. See Tabie B-1.)
The Increased amount Is to be galned by reducing losses from
t+he exlIsting antlquated, Inefflcient transmisslon system.

Past records Indicate that average summer months ditch flows
In +he 1920's thru 1940's, when the Walmanalo Sugar
Plantatlon was In operation, were between 3 and 4 MGD. (See
Exhibit A }. 1In addition to the Maurawlll Ditch flow, water
was also pumped from Kawalnul Marsh to Walmanalo. Average
pumpling rates were about 4 MGD. Records Indlicate that as
much as 8 to 10 MGD was extracted from the Maunawl | I-Kawainul
Watershed. The pumping of water from the Marsh dld cause
lowering of water levels durling the high demand, summer
months fo as low as 5 feet below sea level. However, even
with the high rates of extraction from the watershed, water
levels in the Marsh recovered up to 3 to 4 feet above sea
level when pumping was suspended during perlods of lower
demand. (See Exhibit B).

CONCLUS[ONS

The effects of the proposed Improvements on the hydrology of
+he Maunawi!! Watershed and Kawainul Marsh appear to be
minimal.

1. The Increased yleld to Walmanalo as a result of the
proposed Improvements Is proJected to be about 2.4 MGD
during high demand perlods, an Increase of between 0.4
and 0.7 MGD more than Is presently withdrawn from
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Maunawlli. No additional water source development Is
proposed In this proJect. The Increased yleld wlll be
the result of minimlized losses through the exlsting
+ransmission system. Based on fleld observations, It
appears that most of the water currently leaking out of
the system never re-enter the stream, but Instead is
consumed by the lush vegetation along the dItch system
and is lost through evapo-transpliration. Therefore, no
slgnificant effects on streamflow are antlclpated.

Historlcal records Indicate that much more water was
extracted from the Maunawlli-Kawalnul Watershed In the
past when the Waimanalo Sugar Company was In operation.
In additlon to the 3 to 4 MGD dlverted by the Maunawilli
Ditch System, up to 8 MGD was pumped directly out of
Kawainul Swamp. Typlcal dry~weather Irrigation flows to
Walmanalo were between 8 and 10 MGD. Even at such high
rates of fresh water removal from the watershed, when
water levels dropped as much as 8 to 9 feet in the Marsh,
+he water levels rose to original levels during wet
weather perlods. Thls suggests that fresh water fiow
during dry weather period Into the Marsh may not be a
primary factor In the maintenance of the wetland

environment.

The most effectlve way to preserve water levels (open
water areas) In the Marsh would be to:

a. dredge areas (create depresslons, remove accumulated
sediment materlal) so water can be retalned;

b. Install outlet control (constricted outlet during low
flows) so that the water doesn't pass through -

- Otherwlse, the sltuation appears to be |ike trying to
keep water In a bathtub by trickling In a few drops of
water but leaving the draln wide open.
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